atrium. The patient underwent a right total pneumonectomy with extraction of the left atrial mass and left atrial reconstruction. Pathology and immunohistochemistry was diagnostic of primary pulmonary synovial sarcoma positive for SYT-SSX1 gene fusion transcription.
clinical entity occurring most often in the lower extremities and less so at other sites, and account for 10% of all soft tissue sarcomas [2] . Although synovial sarcoma has microscopic resemblance to normal synovium, it is differentiated from synovium based upon staining for epithelial markers including cytokeratin or epithelial membrane antigen. Primary pulmonary synovial sarcoma (PPSS) is extremely rare, but the occurrence of this tumor is being increasingly recognized [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Herein, we present the first description of primary pulmonary synovial sarcoma with direct intra-cardiac extension.
Case Report
A 53-year-old nonsmoking male treated with mantle radiation for Hodgkin's lymphoma 13 years ago presented with 6 weeks of nonproductive cough. He denied dyspnea, chest pain, palpitations, and he ran 3 miles on a treadmill daily without limitation. Physical examination was notable for diminished breath sounds in the right upper chest. Heart exam was normal. Echocardiogram was obtained based on suspicious findings of his invasive studies. It revealed a large left atrial mass (4.4 ! 2.6 cm) originating from the right superior pulmonary vein which traversed the mitral valve causing moderate mitral regurgitation ( fig. 1 a) . Pulmonary function testing demonstrated mild restriction and a normal diffusing capacity. Chest radiograph demonstrated a large round opacity in the right upper lobe (10 ! 9 cm) adjacent to the mediastinum ( fig. 1 b) . MRI demonstrated the right upper lobe mass with invasion of the right superior pulmonary vein and left atrium ( fig. 1 c) . A computed tomography-guided needle biopsy was suspicious for synovial sarcoma based on histopathology and immunohistochemistry. PET-CT was negative for metastatic spread. The patient subsequently underwent bilateral an terior thoracotomy (clamshell) incision and was placed on cardiopulmonary bypass so that the intracardiac portion of the tumor could be addressed first to minimize the risk of tumor embolization. The left atrium was opened and the intraatrial portion of the tumor removed. The atrium was reconstructed and the patient was weaned from bypass support. He then underwent a right pneumonectomy with resection of the tumor. There was a large mass in the upper and middle lobes of the lung, and the lung was adherent to the chest wall medially and apically. The medial adhesions appeared to be from prior radiation therapy for Hodgkin's disease while the apical adhesions later returned suspicious for sarcoma. Gross examination of the right lung revealed a well circumscribed tan, white soft mass (8 ! 8 ! 7.5 cm) with focal areas of necrosis. The intracardiac mass was oval-shaped nodular tissue with a smooth surface (7 ! 3 ! 2 cm) and weighed 28 g. The surgical margin of the resected tumor was negative. Microscopically, the tissue stained positive for vimentin, BCL-2 and epithelial membrane antigen, diagnosing monophasic pulmonary synovial sarcoma ( fig. 2 ) . CD 99 was negative and epithelial membrane antigen was focally positive. Molecular studies performed on submitted tissue were positive for the SYT-SSX gene.
The patient had an uneventful hospital course and was discharged 1 week postoperatively. Although ifosfamide was considered, he subsequently underwent adjuvant chemotherapy with CYVADIC (cyclophosphamide, vincristine, doxorubicin and dacarbazine) regimen because of easier dosing schedule. He died 18 months after surgical resection because of sarcoma recurrence in his abdomen. There was no recurrence in his chest.
Discussion
Synovial sarcomas are soft tissue tumors of uncertain histogenesis, occurring usually in the lower extremities. Rarely they have been described in the head/neck, chest and abdomen [11] . Pulmonary sarcomas are rare ( ! 0.5% of lung tumors) and are usually metastases from other primaries (leiomyosarcomas, fibrosarcomas and hemangiopericytomas) [1] . Usually they present as well defined masses of variable size (2-15 cm) in an asymptomatic patient found on routine X-ray. In the previously reported 75 cases, the masses were situated in every lobe of the lung, some with pleural involvement and effusions. Rare cases of endobronchial extensions have also been reported. Herein we report the first case of synovial sarcoma with an intra cardiac extension. Histologically, they are classified into four subtypes: biphasic, monophasic fibrous, monophasic epithelial, and poorly differentiated [13] . These tumors stain frequently for epithelial markers such as cytokeratin and/or epithelial membrane antigen, vimentin and CD99. Diagnosis can be made on clinical, histological and immunohistochemical evaluation, and molecular testing is not required in all cases although it might help portend prognosis [14] . Clinical course is variable with a mortality rate of up to 55% from one series of 25 patients who had follow up from 1-20 years [15] .
Theoretically, all tissue exposed to radiation is at risk for undergoing malignant transformation at some time in the future. The Late Effects Study Group cohort (Hodgkin's disease as the primary malignancy) reported a 10.6% incidence of second malignant neoplasm at 20 years and 26.3% incidence at 30 years of follow up [16] . Ng et al. provided data showing an escalating risk of developing a second malignant neoplasm at extended follow up [17] . After radiation therapy was given for Hodgkin's disease, they found a 2.3% excess risk of developing a second malignant neoplasm per year at 15 years of follow-up and a 4% excess risk per year at 20 years [17] . Of the nearly 60 cases reported in literature, only 11 have described the definitive molecular detection of SYT-SSX fusion gene transcription [3] [4] [5] [6] [7] [8] [9] [10] . The function of the fusion protein remains uncertain: the SYT protein appears to function as a transcriptional activator, whereas the SSX protein appears to function as a transcriptional co-repressor. It is not known if one or both functions persist in the fusion protein. The T(X;18)(p11.2;q11.2) translocation results from fusion of the SYT gene on chromosome 18 to either SSX1 or SSX2 on chromosome X. SYT-SSX1 has a worse prognosis, with a 5-year survival rate of 42%, versus 89% for SSX2 [18, 19] . The prognostic relevance of SYT-SSX1 or -SSX2 translocation remains controversial as a number of the more recent publications dispute its impact. The more important prognostic determinants of SS are subtype and resectability of the tumor.
Conclusion
This report is the first case of primary pulmonary synovial sarcoma with direct intra-cardiac extension. Given the extent of cardiac involvement, MRI and echocardiography were useful diagnostic modalities prior to surgical intervention. Although we cannot make a general statement regarding their routine use, it does seem worthwhile to consider these modalities given the rarity of these tumors and their unusual locations. Gene testing may provide adjunctive prognostic information.
